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Attorney Docket # 4797-8PUS 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re National Phase PCT Application of 

RalfDONNERetal. 

International Appln. No.: PCT/DE98/01995 

International Filing Date: July 16, 1998 

For: Appliance For Gasification of Carbon- i 
Containing Fuel, Residual And Waste Materials | 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 
BOX PCT 

SIR: 

Prior to the issuance of a first Office Action and simultaneously with the filing of 
the present application, please amend said application as follows: 

In the Specification : 

Page 1 , delete line 3 and insert -Background of the Invention, Field of the 

Invention-; 

line 6, delete "in accordance with the first patent claim and the" and 



insert - 
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delete line 7 in its entirety and insert -Discussion of the Prior 



Art--. 

Page 2, line 13, after insert -see German reference--; 

line 17, after insert -see German reference-. 

Page 4, after line 14, insert -Summary of the Invention-; 

delete lines 19, 20, 21 and 22 in their entirety. 

Page 5, line 11, delete "with reference to Figures" and insert -.-; 
delete line 12 in its entirety and insert: 

-The various features of novelty which characterize the invention are pointed out 
with particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attained by its use, 
reference should be had to the drawing and descriptive matter in which there are illustrated and 
described preferred embodiments of the invention. 

Brief Description of the Drawings 

Figure shows a cross-section through a gasification reactor pursuant to the present 

invention; and 

Figure 2 shows an enlarged segment of the gasification reactor of Figure 1 . 
Detailed Description of the Preferred Embodiments-. 
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Page 6, line 4, after ''gap" insert --5--; 

line 10, delete "its" and insert --the--; 

line 10, after "surface" insert -of the wall 4-; 

line 15, after "as" insert ~a~; 

line 20, delete "coating" and insert -protective layer-; 
line 22, delete "10". 



Page?, line 6, delete "10"; 

after line 27, insert -The invention is not limited by the 
embodiments described above which are presented as examples only but can be modified in 
various ways within the scope of protection defined by the appended patent claims.-. 

Delete page 8 in its entirety. 



In the Claims: 



Please cancel claims 1-5, and add the following new claims: 



-6. An appliance for gasification of carbon- and ash-containing fuel, residual 
and waste materials using an oxygen-containing oxidizing agent at temperatures above a mefting 
point of inorganic fractions and at pressures between atmospheric pressure and 80 bar, comprising 
a reaction chamber designed as an entrained-bed reactor, the reaction chamber having a contour 
delimited by a cooled reactor wall of the following structure, from the outside inward: 

-3- 
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a pressure shell; 
a cooling wall; 

a water-cooled cooling gap between the pressure shell and the 

cooling wall; 

a ceramic protection for the cooling waU; and 
a layer of slag, pressure and temperature of the cooling gap 
between the pressure shell and the cooling wall being controllable so that the reactor can be 
operated above and below a boiling point of cooling water, pressure in the cooling gap being 
higher than pressure in the gasification chamber. 

7. An appliance for gasification of carbon-containing, ash-free fuel, residual 
and waste materials using an oxygen-containing oxidizing agent at temperatures above 850°C and 
at pressures between atmospheric pressure and 80 bar, comprising a reaction chamber designed as 
an entrained-bed reactor haviag a contour delimited by a cooled reactor wall of the following 
structure, from the outside inward: 

a pressure shell, 

a cooling wall, 

a water-cooled gap between the pressure shell and the cooling wall; 
a ceramic protection for the coolrag wall, and 
a refractory hning, the cooling gap between the pressure shell and 
the cooling wall being operable, with a filling of pressurized water, above or below a boiling 
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point of the cooling water, pressure in the cooling gap being higher than pressure in the 
gasification chamber. 

8. An appUance as defined in claim 6, wherein the cooling wall comprises 
half-tubes which are welded together in a gastight manner, are pinned and are coated with a thin 
layer of ceramic mass with a high thermal conductivity. 

9. An appliance as defined in claim 7, wherein the cooling wall comprises 
half-tubes which are welded together in a gastight manner, are pinned and are coated with a thin 
layer of ceramic mass with a high thermal conductivity, 

10. An apphance as defined in claim 8, wherein the thin layer of ceramic mass 
is a flame-sprayed layer on the cooling wall. 

11. An appliance as defined in claim 9, wherein the thin layer of ceramic mass 
is a flame-sprayed layer on the cooling wall. 

12. An appliance as defined in claim 6, wherein the cooling wall has geometric 

shapes, 

13. An appliance as defined in claim 7, wherein the cooling wall has geometric 

shapes. 
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14. An appliance as defined in claim 6, wherein the cooling wall is one of 
trapezium-shaped, triangular, rectangular, of undulating form and of smooth form. 

15. An appliance as defined in claim 7, wherein the cooling wall is one of 
trapezium-shaped, triangular, rectangular, of undulating form and of smooth form.-- 

In the Abstract : 

Delete the present abstract in its entirety and insert the following therefore: 
-An appliance for the gasification of carbon- and ash-containing fuel, residual and 
waste materials using an oxygen-containing oxidizing agent at temperatures above the melting 
point of the inorganic fractions, in a reaction chamber which is designed as an entrained-bed 
reactor, at pressures between atmospheric pressure and 80 bar, preferably between atmospheric 
pressure and 30 bar, the contour of the reaction chamber being delimited by a cooled reactor wall 
The cooled reactor wall having the following structure, from the outside inward: a pressure shell, 
a cooling wall, a water-cooled gap between the pressure shell 3 and the cooling wall, a ceramic 
protection for the cooling waU, and a layer of slag. 
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The pressure and temperature of the coohng gap between the pressure shell and the 
cooling wall is controlled in such a way that it can be operated above and below the boiling point 
of the cooling water. The pressure in the cooling gap is higher than the pressure in the 
gasification chamber. ~ 



Delete page 13 in its entirety. 
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REMARKS 



The present amendment is being submitted prior to the issuance of a first Office 
Action and shnultaneously with the filing of the present application. 

With this amendment applicants have amended the specification, cancelled claims 
1-5 and added new claims 6-15, all in an effort to place the application in better condition for 
examination. 

Favorable action on the present application is respectfully requested. 
Any additional fees or charges required at this thne in connection with the 
application may be charged to our Patent and Trademark Office Deposit Account No. 03-2412. 



Respectfully submitted, 

COHEN, PONTANI, LIEBERMAN & PAVANE 




Reg. No. 31,668 
551 Fifth Avenue, Suite 1210 
New York, N.Y. 10176 
(212) 687-2770 
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Appliance for gasification of carbon- containing fuel, 
residual and waste materials 



Description 



The invention relates to an appliance for 
gasification of carbon-containing fuel, residual and waste 
materials in accordance with the first patent claim and the 
second patent claim. 

Fuel and waste materials are to be understood as 
meaning those with or without an ash content, such as brown 
or hard coals and their cokes, water/coal suspensions, but 
also oils, tars and slurries, as well as residues or wastes 
from chemical and wood pulping processes, such as for example 
black liquor from the Kraft process, as well as solid and 
liquid fractions from the waste management and recycling 
industry, such as used oils, PCB-containing oils, plastic and 
domestic refuse fractions or their processing products, 
lightweight shredded material from the processing of 
automotive, cable and electronics scrap, and contaminated 
aqueous solutions and gases. The invention can be used not 
only for entrained-bed gasifiers, but also for other 
gasification systems, such as fixed-bed or f luidized-bed 
gasifiers or combinations thereof. 

The autothermal entrained-bed gasification of solid, 
liquid and gaseous fuel materials has been known for many 
years in the field of gas generation. The ratio of fuel to 



- 2 - 



oxygen- containing gasification agents is selected in such a 
way that, for reasons of quality of the synthesis gas, higher 
carbon compounds are cleaved completely to form synthesis -gas 
components, such as CO and H2, and the inorganic constituents 
are discharged in the form of a molten liquid (J. Carl, 
P. Fritz, NOELL-KONVERSIONSVERFAHREN [NOELL CONVERSION 
PROCESS] , EF-Verlag fiir Energie- und Umwelttechnik GmbH, 
Berlin, 1996, p. 33 and p. 73) , 

Using various systems which have gained acceptance in 
the prior art, gasification gas and the molten liquid 
inorganic fraction, e.g. slag, can be discharged from the 
reaction chamber of the gasification appliance separately or 
together (DE 19718131.7). 

Both systems which are provided with a refractory 
lining or cooled systems have been introduced for internally 
delimiting the reaction chamber of the gasification system 
(DE 4446803 Al) . 

Gasification systems which are provided with a 
refractory lining have the advantage of low heat losses and 
therefore offer an energy-efficient conversion of the fuel 
materials supplied. However, they can only be used for ash- 
free fuel materials, since the liquid slag which flows off 
the inner surface of the reaction chamber during the 
entrained-bed gasification dissolves the refractory lining 
and therefore only allows very limited operating times to be 
achieved before an expensive refit is required. 
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In order to eliminate this drawback which is 
encountered with ash-containing fuel materials, cooled 
systems working on the principle of a diaphragm wall have 
therefore been provided. The cooling initially results in the 
formation of a solid layer of slag on the surface facing the 
reaction chamber, the thickness of which layer increases 
until the further slag ejected from the gasification chamber 
runs down this wall in liquid form and flows out of the 
reaction chamber, for example together with the gasification 
gas. Such systems are extremely robust and guarantee long 
operating times. A significant drawback of such systems 
consists in the fact that up to approx. 5% of the energy 
introduced is transferred to the cooled screen. 

Various fuel and waste materials, such as for example 
heavy-metal- or light-ash-containing oils, tars or tar-oil 
solid slurries contain too little ash to form a sufficiently 
protective layer of slag with cold reactor walls, resulting 
in additional energy losses, yet on the other hand the ash 
content is too high to prevent the refractory layer from 
melting away or being dissolved if reactors with a refractory 
lining were to be used and to allow sufficiently long 
operating times to be achieved before a refit is required. 

A further drawback is the complicated structure of 
the reactor wall, which may lead to considerable problems 
during production and in operation. 

For example, the reactor wall of the entrained-bed 
gasifier shown in J. Carl, P. Fritz: NOELL- 
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KONVERSIONSVERFAHREN [NOELL CONVERSION PROCESS] , EF-Verlag 
fur Energie- und Umwelttechnik GmbH, Berlin, 1996, p. 33 and 
p. 73 comprises an unpressurized water shell, the pressure 
shell, which is protected against corrosion on the inside by 
a tar/epoxy resin mixture and is lined with lightweight 
refractory concrete, and the cooling screen, which, in the 
same way as a diaphragm wall which is conventionally used in 
the construction of boilers, comprises cooling tubes which 
are welded together in a gastight manner, through which water 
flows, which are pinned and which are coated with a thin 
layer of SiC. Between the cooling screen and the pressure 
shell, which is lined with refractory concrete, there is a 
cooling- screen gap which has to be purged with a dry, oxygen- 
free gas in order to prevent flow-back and condensation. 

Working on the basis of this prior art, the object of 
the invention is to provide an appliance which, while being 
simple and reliable to operate, is able to cope with a very 
wide range of ash contents in the fuel and waste materials. 

This object is achieved by means of the features of 
the claims 1 and 2 , 

A further configuration of the appliance according to 
the invention is given in the later claims. 

The appliance according to the invention is suitable 
for the gasification of fuel, waste and residual materials 
with a very wide range of ash contents, and for the combined 
gasification of hydrocarbon- containing gases, liquids and 
solids . 
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'According to the invention, the contour of the 
reaction chamber for the gasification process is delimited by 
a refractory lining or by a layer of solidified slag. If the 
reaction chamber is lined with refractory material, intensive 
cooling protects this material or causes liquid slag to 
solidify, so that a thermally insulating layer is formed. The 
cooling is provided by a water-filled cooling gap, it being 
possible to set operating conditions above or below the 
boiling point. 

The invention will be explained in more detail on the 
basis of two exemplary embodiments with reference to Figures 
1 and 2 . 

In the first exemplary embodiment. Figure 1 shows the 
gasification reactor. The conversion of the fuel, residual 
and waste materials using the oxygen- containing oxidizing 
agent to form a crude gas containing high levels of H2 and CO 
takes place in the reaction chamber 1. The gasification media 
are supplied by means of special burners which are attached 
to the burner flange 2. The crude gasification gas, if 
appropriate together with liquid slag, leaves the reaction 
chamber 1 via the opening 8, which is provided with a special 
appliance, and passes to downstream cooling, scrubbing and 
processing systems. The gasification reactor is surrounded by 
the pressure shell 3, which absorbs the difference in 
pressure between the reaction chamber 1 and the outside 
atmosphere. For its thermal protection, there is a cooling 
gap 5 which, filled with water, can be operated above or 



below tH'e boiling point, which depends on the overall 
pressure. To prevent gasification gas from entering the 
cooling gap 5 in the event of damage, the pressure of this 
gap is always maintained at a higher level than the pressure 
in the reaction chamber 1. On the inside, the cooling gap 5 
is delimited by a cooling wall 4. The hot water or steam 
generated in the cooling gap 5 is discharged via the 
connection piece 9. The cooling wall 4 may be provided with a 
thin, ceramic protective layer 6 which is fixedly bonded to 
its surface. Depending on the process pressure, the 
temperatures in the cooling gap 5 may be between 5 0 and 
350°C. In the case of gasification of starting materials 
which contain very little or no ash, it is advantageous to 
line the cooling wall 4 with refractory, thermally insulating 
brickwork as refractory lining 7 in order to limit the 
introduction of heat into the cooling gap 5. If ash- 
containing fuel, residual and waste materials are used, it is 
possible to dispense with the refractory brickwork 7. The 
liquid slag which forms in the reaction chamber 1 is cooled 
on the cold surface of the cooling wall 4 and its coating 6, 
solidifies and in this way forms a refractory lining as a 
layer of slag 10 which grows toward the reaction chamber 1 
until the temperature has reached the melting point of the 
slag. The further slag which is then ejected runs off as a 
film of slag and is discharged together with the hot crude 
gas via the opening 8 . 



Vigure 2 shows one example of the design of the 
cooling wall 4. In this case, this wall comprises a wall made 
from half-tubes which have been welded together in a gastight 
manner, are pinned and are combined with a thin layer of 
silicon carbide. The ceramic lining is situated on the side 
facing toward the reaction chamber 1, as a layer of slag 10 
which, as shown in Example 1, is applied artificially or 
forms naturally through its own molten ash. Other forms of 
the cooling wall, such as for example a wall made from 
corrugated sheet metal, in the shape of a trapezium, triangle 
or rectangle, are possible depending on the production 
techniques employed. The ceramic protection 6 may be applied 
and secured by mechanical holding means, as in Example 2, or 
by chemical bonding or thermal application, such as by flame 
spraying . 

Furthermore, it will be readily understood that the 
design of the wall which delimits the reaction chamber 1, 
including parts 3, 4, 5, 6 and 7, which is explained in 
Example 2, can be used not only for the entrained-bed 
gasification reactors, which are subject to high thermal 
loads, but also for other gasification systems, such as for 
example fixed-bed or f luidized-bed gasifiers or combinations 
thereof . 
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List 


of 'reference numerals used 


1 


Reaction chamber 


2 


Flange for burner fitting 


3 


Pressure shell 


4 


Cool inQ wall 


5 


Coolinq qap 


6 


Ceramic protection for the cooling wall 


7 


Refractory lining of the reactor 


8 


Opening for the gas and slag outlet member 


9 


Connection piece for steam or hot water 


10 


Layer of slag 
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Patent claims 

1. An appliance for the gasification of carbon- and ash- 
containing fuel, residual and waste materials using an 
oxygen- containing oxidizing agent at temperatures above the 
melting point of the inorganic fractions, in a reaction 
chamber which is designed as an entrained-bed reactor, at 
pressures between atmospheric pressure and 80 bar, preferably 
between atmospheric pressure and 3 0 bar, the contour of the 
reaction chamber being delimited by a cooled reactor wall of 
the following structure, from the outside inward: 

pressure shell (3) 
cooling wall (4) 

water-cooled cooling gap (5) between pressure shell (3) 
and cooling wall (4) 

ceramic protection (6) for the cooling wall (4) 

layer of slag (10) 
and the pressure and temperature of the cooling gap (5) 
between pressure shell (3) and cooling wall (4) being 
controlled in such a way that it can be operated above and 
below the boiling point of the cooling water, the pressure in 
the cooling gap being higher than the pressure in the 
gasification chamber. 

2. An appliance for gasification of carbon-containing, 
ash- free fuel, residual and waste materials using an oxygen- 
containing oxidizing agent at temperatures above 850 °C, in a 
reaction chamber which is designed as an entrained-bed 
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reactor, at pressures between atmospheric pressure and 
80 bar, preferably between atmospheric pressure and 30 bar, 
the contour of the reaction chamber being delimited by a 
cooled reactor wall of the following structure, from the 
outside inward : 

pressure shell (3) 

cooling wall (4) 

water-cooled gap (5) between pressure shell (3) and 
cooling wall (4) 

ceramic protection (6) for the cooling wall (4) 

refractory lining (7) 
and it being possible for the cooling gap (5) between the 
pressure shell (3) and cooling wall (4) to be operated, with 
a filling of pressurized water, above or below the boiling 
point of the cooling water, the pressure in the cooling gap 
(5) being higher than the pressure in the gasification 
chamber (1) . 

3. The appliance as claimed in claims 1 and 2, in which 
the cooling wall (4) comprises half -tubes which have been 
welded together in a gastight manner, are pinned and are 
coated with a thin layer of ceramic mass with a high thermal 
conductivity . 

4. The appliance as claimed in claims 1 and 2, in which 
the thin layer of ceramic mass is applied to the cooling wall 
(4) by flame spraying. 

5. The appliance as claimed in claims 1 to 4, in which 
the cooling wall (4) may be of geometric shapes, such as 
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trapezium- shaped, triangular, rectangular, of undulating or 
smooth form. 
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Abstract 



The invention relates to an appliance for the 
gasification of carbon- and ash-containing fuel, residual and 
waste materials using an oxygen- containing oxidizing agent at 
temperatures above the melting point of the inorganic 
fractions, in a reaction chamber which is designed as an 
entrained-bed reactor, at pressures between atmospheric 
pressure and 80 bar, preferably between atmospheric pressure 
and 30 bar, the contour of the reaction chamber being 
delimited by a cooled reactor wall of the following 
structure, from the outside inward: 

pressure shell 3 

cooling wall 4 

water-cooled gap 5 between pressure shell 3 and cooling 
wall 4 

ceramic protection 6 for the cooling wall 4 

layer of slag 10 
and the pressure and temperature of the cooling gap 5 between 
pressure shell 3 and cooling wall 4 being controlled in such 
a way that it can be operated above and below the boiling 
point of the cooling water, the pressure in the cooling gap 5 
being higher than the pressure in the gasification chamber 1. 
(Fig. 1) 
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Figure 2 
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